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(57) 

[JBfcfMR] (a) 7 - P'<>Sc;/XBrfaL'-/> 

mvmmm&ft'iJMt, (c) 7^ujubm>jh*s 
(d) «safbtcj:ortteHT» >j*m«mh 

f£I?l£. (e) JS^CCiO. WiSikTZVfrWfes. 
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1 

frhT? <j fm^ommmmtzftix . y*» 

**ti«»5J6»SE«I*» sis t . ( b ) B5tam»JS 

u^SBft© jfflw WR*tf ^igi. ( c ) rnrt em&sis 

ftfcWE»JW*«tf -C3JKB LT. fflS^7 
* 'J ;U»SCf«flB«SU*»4XB i , ( d ) IgiMkCC <fc 

•oxmtsemr * y ^&£«ss-r sisi . ( e ) «^ 
©ssfifcfrffi. 

[g»*^2] «T©«C, 
•*JR*i. 

#WH*T§SSE<t. 

imxDjtmitiwm 20 

[0001] 
[0002] 

TfyiHIB. MKt**:{b*SSiH|-C* 

S. 7i"J*i«, ^©^WcKiSLJJ^ilWSd&tf 

B, 7f yu-hJfiSaHW. XB*£*4£ft£„ 30 

gl^StlT, W*.tf. iBSMX^J (superabsorbents) 

£ ft £ . — JKtc , ri"J ;u&©fig«:-£fc: B . iSS&lK* 

[0 003] 7i";;H!i, 2 0 0~4 0 0*C©iaK{C 

*?^r r * o u r 2 mmxm&M.M±xft* 

^fl¥DE-A 1 9 6 2 4 3 1^, tti^SfDE-A 40 
2 9 43 7 0 7-Sf. ttH^DE-C 1 2055 0 
2#. MHttfiFEP-A 2 57 5 6 5^, BfcW^E 
P-A 253 4 0 9f, SiSfSs^D E - B 2 2 5 1 
3 6 4-Sf. K^mUFEP-A 117 1 4 6^. II 
#lfGB-C 1 45 0 9 8 6-«f, SOWH^EP 
-A 2 9 32 2 4^#M$nfc^) „ <£ffl<*Ja-2>S4 

85B. t^tB-ty^x ?da, ^y-y-^A. xi*^ 

[0 0 0 4]ttif5 ! FDE-C 2 1 3 6 3 9 6-5f&t SO 
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2 

b. 7 5ii%©y7x-jw-f;i'i2 5ii%©y 

7x-;U£©iS^£m>fcfa2&RiRK:<fc&. 7"P^> 
XB7 f n U-f >©«JMffll{tCS6n4Rje«#*>6© 

T-A 24 49 7800 mat, faWtm.mc9Gtc.-D 

C i GC J: i •cm^!xftM& 1 $:'t§%>? 5Ci 3 tlX 
C©Klg&tfC*l«J$©X*I-C©raSB. ^H* 

5PW8J****Jl>"r*. 34H^f1¥DE-A 43 0 8 0 
8 7-^(CtS^.B. y^i-Jlx-fAiy^x-^iO 

h ft i'offittiSfffl* o . l ~2 5 as%©«-c^fln-r-5 

[0 00 5] ffe©©t7¥©^ffi{CB. XaSU/cJ: -5 ft. 7 

iR©ffecc . 7 i' y frm&LrwMmitoiMmx—micBis, 
3n*sai*©^#w«8i*^ajh4. *©**. 7* 
y^M******^***. ftssnpjsffio-ciKar 

iKiot (ftI#SDE-C 34 29 39 1-f, 
B^mttif J A 1 1 24 766^, HJA 71 1 
8 786f, ISIJA71 18 96 6- Rf, I5JJA 

7 1 1 8 968-R#, P1JA-7 2 4 1 88 5^ 

iisnfco) XBftiifflxfifcioT u&mmfDE- 

A 2 164767^ B$1MJ 5 8 1 4 0-0 
3 9#. IS) J 4 8 0 9 1 0 1 3^#I3h/c 

E P-A 5 5 1 11 lftli, MtBg«K-fbCC<ti3f# 
6ft&7*' J A«£BI*«I &©«£*%. KiRiSff* 
*©tt*^C3t*««*. SttlBSfcSfb^ 
« (MiWXM) £^»^**fi«-4»W© 
??fiT-C^S-T-2» 0 aS^ltDE-C 2 3 2 3 3 2 
8#(cB. 7i"JJl'i©xxf ;Ht©P&«:£i;&;M<fegi 
XB^O'OSl/ < tt7i' o >©ffift(cj:S7 
* y ;u&©SJg©Bg{c£ t; £ 7 * y e> . W 

fl^J©l^©»^*ffli>fcffllil«:<fco-C7* y;H8 

[0006] ±.mLtcT? v )\<w.cowm-fi&.<D% << v t 
m%u < . c 5 o/c^ax'f#6n-2>7 f y ;m©w*. 
-iKJc-enia^orisesiiiBftiaiifpnsg+^ft 
t©fBft^„ f^©-i< y y )m£j&mmm>?in 

««»«*M<tWS«»«:J:oTffifF3n4. AGHC (7 
jyy7xy>M*Si§) XBNH,NH,*fflt>tefb 
^WmmkM (Will W EP-A 270 999 
#. rt<;L- h^US^PT-? 8 75 9-A, IbJPT 

8 1 87 6-A. *iMUS-37 2 5 2 0 8- 



(3) 

3 

St IS^c J: -9 h ^67 ;H*iS-r 

[ooo7] oLtcTzv^mz. tfVTzvjmm 
[ o o o 8 ] se or , '\mt<DT v v >im<D!®m&mzn io 

MT^fb Ffc<fcSW**3WS T 

T*v)i>m<D=La»s *y 

ISfc#«31^C£#r#&l> ( r * y ji,K09b£U2 1 
4 1. 6°C, 7 , Pfc , t>W,^140. 9°CT'& 

[0 0 0 9] 20 
[0010] 

[0 0 1 l ] a-.t, ##69itt, (a) 

( b > m&m&fmvmmiR&y ( c > m 

zvjmRv&mznzxmt. <d> isintic^T 
BEtwHT * jm*«iw-»xat, ( e > fltetej: 

CiiMiT 57^ y^KRC>7X»x^f 40 
[0012] *«W(O^S«:3at-S-4A: 

6 ftmBiZMmmtp xmm s n r i » * . 

[0013] 
[^WCDHifeCD^SS] 

Ig(a) :*»98tcfie^<b, ^tt«BR*ffll*/c^P 

^>8CF/Xi*7^P u a >©a««*Wf tec <t *r ^ 
■BttShr^s^ffiKise^rSIMirSf*. 200-40 so 
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[0014] 2 V fc«, 0 

mm^w («T*#i«3nfc 

[0015] LfrlstZtth. Ig(a) "Ctt, tt»&T 

*y>i«#»&ft*<Dr»a<, r^y^MoftK:, ft 
x -awtiak zawtaat mm. mm, m 

* % *ti*ti*SJ£»^»*«J|liLT, 0. 0 5-1 
MM%<Dy'U'<>RU £ 0. 05^111%©7^PU'/ 
0. 0 1— 2fifi%CD7*P^>, l-2Oli%0 
*3£St, o. 0 5-i5it%©KSSm 10-9 
OftKOffiR, 0. 0 5-5M%CDi£fPt 0. 0 5 
-2ms%<D9E&* o. o l-2SS%<D^ntr^> 

It 0. 0 5— lMfi%CD^;l/AT;U^b F\ 0. 0 5 
-2SS%CDT;Uf r b F\ ^O'CCO. 0 1 — 0. 5M 

[ 0 0 1 6 ] IS ( b ) : XS ( b ) fctt, 
ZcKiRK: ct 4 , Sl£«#* 6<30r ^ y ;l/Btac««f JflE» 

[0017] iK»^ffc^«J, 

acf(B»^b^»it^fflffi, 
(cfi^fb^M) . affr^yi«j:ofefit»*ijS* 

[ 0 0 1 8 ] II ( a ) fr6»6ft*j»l>Elfi*tt*, 
RjRtcft^oT. MFBtcKB <«A«iS««liSX«fiL 



5 

«. "O^a'JffiiML XttX^U -WHS** 

W5*i&. II (a) OSl£a#*©*»M{*#JSS» 

WR«^«&»R«0 1-10%. £IRi3 ffl OTTfcSffll 
^IgK*>W5. COIIICB, ^SU*^SLr. 

nammum) -r & c tan-vs c *> btc-mmmm 10 

». &#JSSE*©*S{bl^5 (heawboilers) ©««#» 

[0019] &JR»|nj«aRiKJ£*Tfr frftS**, C©«R 
W£<iClt'*)l'Zfzfl>- FXli^ia^P-v'lx- h (dual 
flow plates) #s££Sf3nri>S<fc ti> K. (^#&3-t* 

ftipw:. tfsmyjfto (bp*. ^*>6©s»t^j©m"3 

ttiU ^SSScf-C©^. Ri>'BXt)fflO&a<fcD4>i« 20 
C5LtttfiiW>(i>)l>Zft'>t. TzvjmvmK., 

<g. lis. &c?ip»&x#&E#. ^cfKjiMss-ttfcasw* 

<-«C. HK©tRiR?rtfo-C. SJ£«#f«:afiWSTi' 
[0 020111(a) ©£S??ir •S*®JRJSr£^i**M 
WBnIfi8«c»» <»«:. *. ^^Ar^ft h\ SOW 

tot LT#»w»cK«®M^wfira s -es c u 

[0 02 1 ] 7* 'J JSR^fiO^fffiSs^. SfeCJf 

«c«»MiftffBS»©ii>«»»***u rat sffimtt*. 

IS (b) T«!ffl3n4«©JS»36>6Bl»)ffiStiSii 
K£fc>3tt&„ CORWJ. «(^^U-FXI3C 40 

m%mi*mffi-tz>ztififti. no cp-c^ h ? e> 
■ttsfiS^/rL-tis (a) -cf#e>n&#>6-e<fcs„ «t 

llgKiJl^lJ. IS (a) CC5fe/c-oTB(0m3n.2. 
«SBM*©— ft»&#J#>6<£#Jj£tfb^*»© 



#M¥9-2 27 44 5 
6 

;t-&&*fci»£3ft&©r. c©ssn (ChW. XI- 
v v7timsmtv*&) ^mk^-TK.. mi*, ssu© 

9R»n9KA«lH C 3 # S&W'X X«®»RiS-Sif 91 3 
gp-C$).5©-C. C©#yUC»ffiaS<!:UTa»&9© 

». fctTtci^SIS (c) -CHJR3tiS^SiJ*«l> 

[oo22]7^v ;uK#f^W3 n. ngs±(s»^fc^ 

[0 02 3] IS ( c ) : IS ( c ) tc*Jt>T«. IKS 
(c J: -c . *»jj&ffi»Stf fi» MWff RS»0«»»» t 

Zi£iU-CTi";;^?rK0ffiT©*5WffJ'C$)*„ CCDT 

vi\>Witn&. 

[0024] >xcc. JSMSBKijor. fiM^fc^WtcS 

C^-SO-C. ^1+-r(c. ^HXIS (b) ^SM3S3#-5 
©*JWWr**. 

[002 5] JS©jsapic*$i»-r«. ?§S"J <te»j£Hb^» 
[002 6] *^W©Sf * H,>*J6»«K*»C»r». K 

4, «4^^Tf;^ i &^*!^c^^^>a©^S'J 

— ***JW^«lW0-CB«t**»6BiR'i--5. ^-©MO© 

©«ti* jftttr sci «> njt6-c& o . c ^ u fcig^tea 

C©?S*Mil{Ccfco'r. ^BW«^^©MUt,>Sfr 



[ 0 0 2 7 ] Xm ( c ) -C*#6ft£ffiigT ? U H-BBC 

*ft^ftffli¥T?y;PK£*ii*£4o-t\ »$l><« 

98-99. 8MS%> 13&C98. 5-99. 5SS% 
©T£"JJl^, RO'Jf*b<«0. 2-2«S%, 
0. 5-1. 5S»%©^M^ (WL«. TJl^ 
b F. ttBOStt** 

[0028] II ( d ) : Iff ( d ) KfcOTB. Iff 
(c) */5»6*iSffl«r*';^«*. ISJMbJCfco 

ttatb© $ w (5j effimmmz&tt sett** 
[0 029] mfmn.it <«*.«, *h#i*u s 3 5 

9 7 1 6 4^S^5>XI^FR 2 66 8 9 4 

6#) rw. ajgwa&'WTifiBwusti*!. nro 

Kfcl^rtt. ^^fJAI* (fully filled) ^gcfJ-C^SIJ 
a£©fl?4 4S#> ffll^DE 2 6 06 3 6 4-^4 
♦JHSflfclO . XKtt&PStCtffift (trickle) 3gU< 
ttjfcT (falling) »Jg£3ffi-T£ («S#I*DT 1 
7 6 9 1 2 3 ^SO'EfcHmitE P 2 1 8 5 4 5 -if) 

[0 030] ^IHHtCfit-ar. «SW>Jff*£&5ffl«T 

a*#*n,>. &moitT9V)i>m<D5%<Dffi%M (50 

-8 0%. <&1<C6 0~~7 0%<Dffimi*l&mWC$>2>) W 

r. i»to«9>4*Sfl»©J*» (tUMMtDE 3 

70 8 7 0 9#£#J$3*lfcl>) . Xm>t>®Zft 
fF> BP^^«*SS««©SP«-W®!)B^*> &£"©ffiS3l 
e*E«Ctf^Ct36«-C#4. I«£#©«««Ml*i«* 

[0031] tttt&eflflwt&A<t«. -eft-en 1 jspgx 

«2@Pit(±-Ctf^C<!:^-C#S„ CCTBlSlifEMK 

4a J: 0 — aWftOJS l »SPB^«l&-r 4 4 4 fc K . «S A 
»9W**tiJ:«) *> 1 oi&g©{5C>KK^{tt*&-r-5. ii 

[0 03 2] «»©l8l®«r|5I-©S«TilBrtr)IR^a 

lt. -en-en©gF§cri©@^ (&Att£j$!n;Ru e gi 
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WaK:^a$1±-2>C<!:*5WiPJr*4. £/&&©»&£* 
/NRtc»*.Sfc«>K:. m>tt»{tiR2(t*J«8f>6nrt» 
4. l/*>Lfc#6. iiJjRl/ 5 S«*©«K^«. 7?')^ 
S£4 *©*fffiS»4 ©S»j«©ti«K: J: •) IMiR*gW 
•S. tta{b*CC#SMBJ^)trS«&. rf'^UKStf 

i>. H&*ttg©r i";^^fflc^-c^S{b*iS^c<!: 

b&ftfritc fieoT. BfcHmtfEP 0 6 1 6 9 9 

tc. H«c#fl«tftaftftia*jirrc43D«aBRsti4. #w 
^?^©^#*^c. cn«cfln>a»aflii«»»*>» 

«Blte©«W»iMfcfifefi!S»**feC;4KI«^« 

20 Kj:-3-t:*jB«*©isfl*^c*ia»^«*e-rs. 

[00 3 3] SWM&Aft*. TC±SAIM*t*. XB 

R 4 & -5 At blSP§©S5!(* . 4©fIJK©«K* 5 g5fc 3 n 
SfrCCttffU *©»©SH£WS*R:fT*.S. ISflft* 

Mttrsnric. *i H i«ii?:®®$-a'4©*5WWc&€>„ 

[0034111(e) : sfiWtt 6. XS ( d ) rt#<=> 
{b-T4„ 

30 [0035] ^mBLVim.*. mm*^MoxmwT 

■5. C©Hffitt*»B©»*lA>»i«W**0-Cl,> 

s„ 

[003 6] c©Elffi(C*Jl>-r . 0 1 12, *^fcS£o 

«©fflS»*l**l/-C«,»*. 
[ 0 0 3 7 ] H 1 5r#MT4 4 . (*a^iC 

■tfiEEM Ztixya -^>M^ 4 «tc $ ti 

»2©st6S*rr*nu^>©^- 

[0 0 3 8 ] c -5 uxm^titcT ? V )imi&tm^a 

tpx<r>m#\<r>%m#mmt «t o ^-r 4 4 4 1 k . 51s 
^dc«4i©im^#^««ie stttAflERKim 4 
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[0 0 3 9 ] JgK 1 0- i*-Cl>&l>) mftWT 

ismf$*cc^??-r & r ^ ^se^ro 1 ®*^??^ 

[0040] Ti'V ;U^^#J&fr#:ft?W3 ft/dgffij 
1 OCD^gP^^mOfflL/r, I&BUf K2 0-Mftite 

So 

[0 04 1 ] mK2 0©M«tttg^[S]±$-l±^>/c<5t.CC. 

ta©^K3 oA^iBiiRsn-s^j^fflU'r. i^jisgt^ 

ifK 1 9#-C* HJ -y f>^X?:?fmt-r-5C<!:CC«fc 

[004 2] ^©^aXfi«C*JI,^rW. 30 
iBSta-CfcD, b*>4>§&£±G£$*{b^£^*&^?§ 
Mft*. niVSK 2 0©JgSP*»P>iR«P ffiLtr^SigK 3 

o-tttjs-rs. c©S£®tg«, zs-z?yi>-bmm-eih 

hti% a JSK3 ocDigis-cBXOtHsn-sr^';;^*^ 
lt*>&9©»©^^#j£#£^-ci>s© 

-C, MCCJ§K3 0©?SSg|J^g< U/cO. *§*»<E>{SJ«E 
i L/ r 7 Jl/®* IS 'J HJ-f C <fc «: <fc o T C 5 L td&M 

&At£W^m*mh-sr<D&^m'c&>z>, c<dt t> v ^w. 40 

[0 04 3] ^.SiSK3 0©±gp-caX0ttJ$*1^6S^ 
[0 04 4] ^SigK3 0©J£g|5-CBX0ttl$n^®S"J 

u Jiit!L.fcJ: ^ic. KgtigK 2 o^i*6ft£x h <; ? 
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«e-C*S 0 7? U JU^^rt^i A,<t^* ^cC^SfiJ^r 

©jRigK 1 0^J&-T5„ »SK3 0©Jgg&#>67i> 
■J f^W.^: i A/ £ "^T $ & C >ii>ft©Sfcl±iiJS ; &IK 9 tti L T , 
<&^£bT&ffi^t7#y;l'&t£^rr£) © 

mtw&micmm-rz. c©gH4*«it±i&cfo<->-c. 7fj 

^©-g(J^14*A^[a»R3nSiife(C, 

K*t©#frcc, Ktt**^j&uj^e>-r^-c©ei4^ 

[0 045] a£gi§K 3 0 ©ffl>J^6f#6^-2>ll 

r„ §TM©7i";ju^ssffcc«or«. saw 
tii&ittcvzmtf t i * t> * s . amis atb 

XWtm<DTi><) U- V* : fcf8.?Z>Zt1fi-C%Z>. 
[0046] tot, *!6W©*ttCCWfelTCC*I^««* 
•So 

[0047] •nwao s #wttjMb*«ffl-rsciKj: 
[0 04 8] • ilSJi'(fc{c«fcoT7ne*:>&*#Bt-es 
«. 7 d"J T-;i/©S{jSK:pi-cx^ r-;Hb snt 

[0049] • T)V<?\1 YZmfrrZtclfoVCiVZtm* 

[0050] • mcm**iikmbxx.z7->i£-?zi&icT 

[0 0 5 1 ] • x^T-;Hbl2P§-c©7^3-Ji'©?SSfi 

[00 5 2] «T©*0S««: J: 0 

[00 53] /jNM-/^>hflB#ra&/c0426 g©7 

L/cglf / f^-7^-^{3:S2iC7n3n^jif3'C4)-5„ C© 
ECCli. 0 1 ©#HiXfi*i, 0 1 ilBI— ©E#*«Wfc 

«:<*■!> 7"D^>©^b*. itS2 6mm. ft*^©SS 
*5 2. 5m©2o©a^U/cSrE i g t f , -Clltf ^1 
©^{CB, mm^EP 5 75 8 9 7-^(ClBtg$n-C 
iJiJr^&^ffiSSftBaS^aiL'v S/cm2©J5ltv'g(c 
«. K^i^EP 609 7 5 0#{CfBig3*i-rt,^J: 
^iffltSMKAnfc. «K10. K2 0, RO'K 
3 0 KB, ^Ett±CfX«if-- : e^^ y hff#©iSS5 
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';8fc^tS£ffll>fco *£K 1 0MK2 0^5mm<D&m 

h <D?Uc <fc o r ?S(DJI jW^eR-C * 4 J: 5 ic L /c. 
[0 054] ttftt£j|4b 

SMAf^fflUt, SiMDE-A 26 0 6 
3 6 4^ (BASF) ecSEtt3ftr^SJ:5ttB*T*ai 

[0 05 5 ] • 2S£5So fflU l&m&fc*) 1 ocd^ 
(1*332 6mm) £<Ix.£ 0 
[0 0 5 6 ] • ©CDS$5m 0 

[0 0 5 7 ] • XtT- FMfflW*«*»«#>^«r-* 
[elSg#>:/ (primary-circuit pump) CCGS/fJ 0 

[0 0 5 8 ] • — ^C«C!>^7> h§»»J 1 1 U * h 
ik 

[0 059] • g@f(ffi4 5% («B35 = *Sfifb£ES 
®fCDHfi/ffl^iEte£^OSa) „ 
[0060] • (stage vessel) 4{g 0 fib, & 

1 0 0 y 9 b)K 

[0061] • nmmm. Rzm&ami:Sti>it4rt~ 

[0 062] IIfI^fA^UT7 , 7> h^fHflQ 

[0 06 3] 1 . — 'X®ffi^<D3tmo 

[0 064] 2 . — ^CHi8*»60SfHlSVttaa»©« 



[0 065] 

[0 066] 

[0 0 6 7 ] 
[0 0 6 8 ] 

[0 06 9 ] 
[0 07 0 ] 
[0 07 1 ] 



3. M&£K>m2°cm>U&£°VU&Z±. 

4. ig^bw>6***r--^@B^3te«-r 

5. ttJMbStfS (SK^a^A) . 

6. *S«fc^3R7 0fc6^1(WE«*a* 

7. SS^ri^^^r^fl^ii^T^o 

8. mmzvtcfeMiit&jmzmfrmz. 

9. •rLCWR*«m6T&. * 



[0 074] 1. 
[0 0 7 5 ] 2. 
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* [0 07 2] SJg, EE*. &tffflH*««\ »ff3*i* 
[0 07 3] IHM&iJMt 

C(D@W©fc^tCfi6fflO/c^> 1*338 0 mm, 

SSE^cz>3&g»* 2 . 0-5. OVvhJl (oM) 

10 &o/c e lRKCcS-ri^a^A^-^^XB. WT 

rtS»36«lB«jB«<fc 0» 1 KffOBflE 
[0 0 7 6 ] 3. fSUfbSttS (iUS^^A) . 

[0077] 4 . tMMbWKT mmmj&m^m 

[0 0 7 8 ] 5. 
[0 0 7 9 ] 6. 
20 [0 0 8 0 ] 7. 

[0 0 8 1 ] umz* 

[0 0 8 2] 

mmmi 

4 2 6 g/h^Mr 9 y iUM«JKflWK 3 OOMft^ 
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1. Title of Invention 

Process and apparatus for the preparation of acrylic acid and its esters 



2. Claims 

I. A process for preparing acrylic acid and/or esters, comprising the steps 
of: 

(a) catalytic gas phase oxidation of propene and/or acrolein to 
acrylic acid to obtain a gaseous reaction product comprising 
acrylic acid, 

(b) solvent absorption of the reaction product, 

(c) distillation of the solvent loaded with reaction product in a 
column to obtain a crude acrylic acid and die solvent. 

(d) purification of the crude acrylic acid by crystallization and 

(e) optionally esterification of the crystalline acrylic acid. 

2. Apparatus for preparing acrylic acid, comprising in the following order: 
at least one reactor for a catalytic gas phase reaction, 
an absorption column, 
a distillation column, 

at least one dynamic crystallizer and at least one static crystallizes 
and 

at least one intermediate storage vessel. 
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3, Detailed Explanation of the Invention 

The present Invention relates to a process and apparatus for prepa- 
ring acrylic acid and esters ► 

Acrylic acid is an important basic chemical. Owing to its very 
reactive double bond and the acid function, it is suitable in particular for 
use as monomer for preparing polymers. Of the amount of acrylic acid 
monomer produced, the major part is esteriried before polymerization, for 
example to form aery late adhesives, dispersions or coatings. Only the 
smaller part of the acrylic acid monomer produced is polymerized directly, 
for example to form superabsorbents. Whereas, in general, the direct poly- 
merization of acryuc acid requires high purity monomer, the acrylic acid for 
conversion into aery late before polymerization does not have to be so pure. 

It is common knowledge that acrylic acid can be produced by 
heterogeneously catalyzed gas phase oxidation of propene with molecular 
oxygen over solid catalysts at temperatures between 200 and 400'C in two 
stages via acrolein (cf. for example DE-A 19 62 431, DE-A 29 43 707, 
DErC 1 205 502, EP-A 257 565, EP-A 253 409, DE-B 22 51 364, EP- 
A 117 146, GB-C 1 450 986 and EP-A 293 224). The catalysts used are 
oxidic multicomponent catalysts based for example on oxides of the elements 
molybdenum, chromium, vanadium or tellurium. 

DE-C 21 36 396 discloses removing acrylic acid from the reaction 
gases obtained in the catalytic oxidation of propene or acrolein by a coun- 
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tercunent absorption with a mixture of 75% by weight diphenyl ether and 
2596 by weight diphenyl. Furthermore, DT-A 24 49 7800 discloses cooling 
the hot reaction gas by partly evaporating the solvent in a direct condenser 
(quench apparatus) ahead of the countercurrent absorption. The problem here 
and with further process steps b the production of solids in the apparatus, 
which reduces plant availability. According to DE-A 43 08 087, the amount 
of these solids can be reduced by adding to the relatively apolar solvent 
mixture of diphenyl ether and diphenyl a polar solvent, such as dimethyl 
phthalate, in an amount of from 0.1 to 25% by weight. 

Apart from the above-described absorption of the reaction product 
comprising acrylic acid into a high boiling solvent mixture, other existing 
processes involve a total condensation of acrylic acid and of the water of 
reaction also formed in the course of the catalytic oxidation. The result is 
an aqueous acrylic acid solution which can be further worked up by distilla- 
tion with an azeotropic agent (cf. DE-C 34 29 391, JA 11 24 766. JA 
71 18 766. JA 71 18 966-R, JA 71 18968-R, JA-72 41 885) or by an 
extraction process (cf. DE-A 2 164 767, J5 81 40439. J4 80 91 013). In 
EP-A 551 HI, the mixture of acrylic acid and byproducts from the cataly- 
tic gas phase oxidation is contacted with water in an absorption tower and 
the resulting aqueous solution is distilled in the presence of a solvent which 
forms an azeotrope with polar low boilers such as water or acetic acid. 
DE-C 23 23 328 describes the removal of acrylic acid from an aqueous 
acrylic acid esteriflcation waste liquor or an aqueous acrylic acid solution as 
formed in acrylic acid production by oxidation of propene or acrolein by 
extraction with a specific mixture of organic solvents. 

Regardless of the type of the acrylic acid production processes 
described above, the quality of acrylic acid obtainable thereby is generally 
not sufficient to be able to polymerize saleable products therefrom. Any 
further processing into polyacryUc acid is hampered in particular by the 
catalytic gas phase oxidation byproducts of acetic acid, propionic acid and 
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aldehydes. It is known to remove aldehydes by chemical pretreatmeni with 
AGHC (aminoguanidine hydrogen carbonate) or NH 2 NH 2 (cf. for example 
EP-A 270 999, PT-78 759-A, FT 81 876-A, US-37 25 208-S) and further 
distillative workup steps (low boiler distillation and acrylic acid purification). 
AcryUc acid punned in this way is suitable for example for preparing 
superabsorbents. It is also known to remove acetic acid from the acrylates 
after the esterification by distillation. 

Even if the acrylic acid is not used as a direct starting material 
for the production of polyacrylic acid, but is esterified before further 
processing, which is true of the bulk of the world's crude acid production, 
the abovementioned cccornponents acetic acid, propionic acid and aldehydes 
interfere. 

Thus, in virtually ail further processing options for acrylic acid the 
same components, namely acetic acid, propionic acid and aldehydes, 
interfere. A distillation of acrylic acid is problematical on account of the 
high temperature stress and the associated strong tendency for the acrylic 
acid to form dimers, oligomers or polymers. Nor can cocomponents with a 
similar boiling point, especially propionic acid, be separated off in the 
distillation of acrylic acid (boiling point of acrylic acid 141. 6°C, boiling 
point of propionic acid 140.9 Q Q. 

It is an object of the present invention to provide a process for 
preparing acrylic acid or esters whereby the abovementioned Interfering 
secondary components are removed and acrylic acid of different grades can 
be provided very flexibly, as required. 

We have found that this object is achieved when crude acrylic acid 
obtained by catalytic gas phase oxidation of propene and/or acrolein, sub- 
sequent, absorption into a solvent and distillation of the acrylic acid/solvent 
mixture is purified by fractional dynamic and static crystallization. 

The present invention accordingly provides a process for preparing 
acrylic add and/or esters, comprising the steps of: 
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(a) catalytic gas phase oxidation of propene and/or acrolein to acrylic acid 
to obtain a gaseous reaction product comprising acrylic acid, 

(b) solvent absorption of the reaction product, 

(c) distillation of the solvent loaded with reaction product to obtain a crude 
acrylic acid and the solvent, 

(d) purification of the crude acryUc acid by crystallization and 

(e) optionally csterification of the crystalline acrylic acid. 

The present invention also provides an apparatus for carrying out 
the process of the invention. Preferred embodiments of the invention are 
defined in the corresponding subclaims. 

Step fa); 

According to the invention, the catalytic gas phase reaction of 
propene and/or acrolein with molecular oxygen to form acrylic acid can be 
effected according to known processes, especially as described in the above- 
cited references. The reaction is preferably carried out at from 200 to 
400 q C The heterogeneous catalysts used are preferably oxidic multicompo- 
ncnt catalysts based on oxides of molybdenum, chromium, vanadium and/or 
tellurium. 

The conversion of propene to acrylic acid is strongly exothermic. 
The reaction gas, which in addition to the starting materials and products 
advantageously comprises a diluting gas, for example recycle gas (see 
below), atmospheric nitrogen and/or water vapor, can therefore absorb only 
a small part of the heat of the reaction. Although the nature of the reactors 
used is in principle not subject to any restriction, it is most common to use 
tube bundle heat exchangers packed with the oxidation catalyst, since with 
this type of equipment the prcdonainant part of the heat produced in the 
reaction can be removed to the cooled tube walls by convection and radia- 
tion. 
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However, step (a) affords not pure acrylic acid, but a gaseous 
mixture which in addition to acrylic acid can substantially include as cocom- 
ponents unconverted acrolein and/or propene, water vapor, carbon monoxide, 
carbon dioxide, nitrogen, oxygen, acetic acid, propionic acid, formaldehyde, 
further aldehydes and maleic anhydride. The reaction product mixture custo- 
marily comprises, in each case based on the total reaction mixture, from 
0.05 to 1% by weight of propene and from 0.05 to 1% by weight of 
acrolein, from 0.01 to 2% by weight of propane, from 1 to 20% by 
weight of water vapor, from 0.05 to 15* by weight of carbon oxides, 
from 10 to 90% by weight of nitrogen, from 0.05 to 5% by weight of 
oxygen, from 0.05 to 2% by weight of acetic acid, from 0.01 to 2% by 
weight of propionic acid, from 0.05 to 1% by weight of formaldehyde, 
from 0.05 to 2% by weight of aldehydes and also from 0.01 to 0.5% by 
weight of maleic anhydride. 

Step (b) 

Step (b) comprises removing the acrylic acid and part of the 
cocomponents from the reaction gas by absorption with a solvent. According 
to the invention, suitable solvents include in particular all high boiling 
solvents, preferably solvents having a boiling point above 160*0. Of parti- 
cular suitability is a mixture of diphenyl ether and bipbenyl, especially the 
commercially available mixture of 75% by weight diphenyl ether and 25% 
by weight biphenyl. 

Herein the terms high boilers, medium boilers and low boilers and 
the corresponding adjectives high boiling, medium boiling and low boiling 
designate, respectively, compounds with a higher boiling point than acrylic 
acid (high boilers); compounds with approximately the same boiling point as 
acrylic acid (medium boilers); and compounds with a lower boiling point 
than acrylic acid (low boilers). 
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Advantageously, the hot reaction gas obtained from step (a) is 
cooled down ahead of the absorption by partly evaporating the solvent in a 
suitable apparatus, for example a direct condenser or quench apparatus. 
Equipment suitable for this purpose includes venturi washers, bubble co- 
lumns or spray condensers. The high boiling cocomponents of the reaction 
gas of step (a) condense into the unvaporized solvent. In addition, the 
partial evaporation of the solvent is a cleaning step for the solvent. In a 
preferred embodiment of the invention, a bleed stream of the unvaporized 
solvent, preferably from 1 to 10% of the mass flow into the absorption 
column, Is withdrawn and subjected to a solvent cleaning step. This involves 
distilling the solvent over to leave a residue comprising the high boiling 
cocomponents which, if necessary further thickened, can be disposed of. for 
example incinerated. This solvent distillation serves to avoid an excessively 
high concentration of heavy boilers in the solvent stream. 

The absorption takes place in a countercurrent absorption column 
which is preferably equipped with valve or dual flow plates and subjected 
to a downflow of (unvaporized) solvent. The gaseous reaction product and 
any vaporized solvent are introduced at the base of the column and then 
cooled down to absorpdon temperature. The cooling is advantageously 
effected by cooling cycles; that is, hot solvent is withdrawn from the 
column, cooled down in heat exchangers and reintroduced into the column 
at a point above its point of withdrawal. Besides acrylic acid, these solvent 
cooling cycles will condense low. high and medium boiling cocomponents 
and also vaporized solvent. As soon as the reaction gas stream has been 
cooled down to the absorption temperature, the actual absorption takes place, 
absorbing the rest of the acrylic acid remaining in the reaction gas and also 
part of the tow boiling cocomponents. 

The remaining, unabsorbed reaction gas of step (a) is further 
pooled down in older that the condensable part of the low boiling cocompo- 
nents thereof, especially water, formaldehyde and acetic acid, may be 
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separated off by condensation. Hereinafter this condensate will be known as 
acid water. The remaining gas stream, hereinafter called recycle gas, con- 
sists predominantly of nitrogen, carbon oxides and unconverted starting 
materials. Preferably, the recycle gas is partly recirculated into the reaction 
stages as diluting gas. 

A solvent stream loaded with acrylic acid, high and medium 
boiling cocomponents and also a small proportion of low boiling cocompo- 
ncnts is withdrawn from the base of the column used in step (b) and, in 
a preferred embodiment of the invention, subjected to a desorption. Ad- 
vantageously, this desorption is carried out in a column, which is preferably 
equipped with valve or dual flow plates but can also be equipped with 
dumped or ordered packing, in the presence of a stripping gas. The strip- 
ping gas used can be any inert gas or gas mixture; preference is given to 
using a gas mixture of air and nitrogen or recycle gas, since the latter is 
obtained in step (a) in the course of pan of the solvent being vaporized. In 
the desorption step, part of the recycled gas withdrawn ahead of step (a) 
strips the loaded solvent of the bulk of the low boilers. Since major quanti- 
ties of acrylic acid are stripped out as well in the course of the desorption 
step, it makes economic sense not to discard this stream, hereinafter called 
strip recycle gas, but to recirculate it, for example into the stage where the 
partial vaporization of the solvent takes place, or into the absorption co- 
lumn. Since the stripping gas is part of the recycle gas, it still contains 
significant amounts of low boilers. The performance of the desorption 
column can be enhanced by removing the low boilers from the stripping gas 
before it is introduced into the column. Technically this is advantageously 
done by cleaning up the stripping gas in a countercurrent wash column with 
the solvent recovered in step (c) described below. 

A solvent stream loaded with acrylic acid and virtually free of low 
boilers can then be withdrawn from the base of the desorption column. 
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In step (c). acrylic acid is separated from the solvent together with 
the medium boiling components and the last rest of low boiling cocompo- 
nents by distillation, for which in principle any distillation column can be 
used. Preference is given to using a column having sieve plates, for ex- 
ample dual flow plates or cross-flow sieve plates made of metal. In the 
rectifying section of the column, the acrylic acid is distilled free of the 
solvent and the medium boiling cocomponeots, such as maJeic anhydride. To 
reduce the low boilers content of the acrylic acid, it is advantageous to 
lengthen the rectifying section of the column and to withdraw the acrylic 
acid from the column as a sidestream. This acrylic acid will in what 
follows be called crude acrylic acid, regardless of its purity. 

At the top of the column, a stream rich in low boilers is then 
withdrawn following a partial condensation. Since, however, this stream stiU 
contains acrylic acid, it is advantageously not discarded, but recycled into 
the absorption step (b). 

At the base of the column the solvent, which is free of low 
boilers and almost free of acrylic acid, is withdrawn and preferably predo- 
minantly recycled into the countercurrcnt wash column, where the stripping 
gas of step (b) is cleaned up, in order that the low boilers may be washed 
out of the stripping gas. The almost acrylic-acid-free solvent is then fed to 

the absorption column. 

In a preferred embodiment of the invention, the acid water, which 
may still contain acrylic acid in solution, is extractively treated with a small 
stream of the almost acrylic-acid-free solvent. In this acid water extraction, 
part of the acrylic acid is extracted into the solvent and thus recovered 
from the acid water. In return, the acid water extracts the polar medium 
boiling cornponents from the solvent stream and hence avoids a buildup of 
these components in the solvent cycle. The resulting acid water stream of 
low and medium boilers may be concentrated, which is required in parti- 
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cular where environmental protection requirements exist. This makes it 
possible to meet even the tough requirements of U.S. hazardous waste law. 

The crude acrylic acid obtained in step (c) comprises, in each case 
based on the crude acrylic acid, preferably from 98 to 99.8% by weight, 
particularly from 98.5 to 99.5% by weight, of acrylic acid and from 0.2 to 
2% by weight, in particular from 0.5 to 1,5% by weight, of impurities, 
such as, for example, acetic acid, aldehydes and malcic anhydride. This 
acrylic acid may if desired be used for csterification, when purity require- 
ments are cot very high. 

Step (fl: 

In step (d) the crude acrylic acid from step (c) is further purified 
by crystallization, preferably by means of fractional crystallization by a 
combination of dynamic and static crystallization. The type of dynamic or 
static crystallization used is not subject to any special restriction. 

In static crystallization (for example US 3 597 164 and FR 
2 668 946) the liquid phase is moved only by free convection, whereas in 
dy namic , crystallization the liquid phase is moved by forced convection. The 
latter can take the form of a forced flow in fully filled apparatus (cf. DE 
26 06 364) or the application of a trickle or falling film to a cooled wall 
(DT 1 769 123 and EP 218 545). 

According to the invention, preferably the crude acrylic acid to be 
purified is introduced into the crystaliizer in liquid phase and then a solid 
phase which differs in composition from the liquid phase introduced is 
frozen out at the cooled surfaces. Once a certain proportion of the acrylic 
acid used has been frozen out (advantageously within the range from 50 to 
80%, especially 60-70%), the remaining liquid phase is separated off. This 
is advantageously done by pumping the residual phase away or allowing it 
to flow away. The crystallization step can be followed by further purifica- 
tion steps such as the so-called washing of the crystal layer (cf. DE 
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3 708 709) or the so-called sweating, i.e. a partial melting-off of contami- 
nated crystal areas. Advantageously, the crystallization step is followed by 
a sweating step when the overall purifying effect of a step is to be inn 
proved. 

Dynamic and static crystallization can each be carried out in one 
or more stages. Multistage processes here are advantageously operated 
according to the countercurrent flow principle whereby, following the cry- 
stallization in each stage, the crystalline product is separated from the 
residue and fed to whichever is die stage with the next highest degree of 
purity, whereas the crystallization residue is fed to whichever stage has the 
next lowest degree of purity. Customarily, all stages which produce a 
crystalline product which is purer than the crude acrylic acid solution feed 
are called purifying stages while all other stages are called stripping stages. 

Advantageously, a plurality of stages arc operated in sequence in 
the same crystallizer by intermediately storing the individual stagewise 
fractions (crystallization product and residual melt or crystallization residue) 
in containers. To mmimize product losses, a high crystallization yield is 
sought. However, the maximum yield obtainable is limited by the position 
of the eutectic points between acrylic acid and its cocomponents. If a 
eutectic composition is reached during the crystallization, no further separa- 
tion takes place between acrylic acid and the corresponding impurity/cocom- 
ponent. Crystallization trials with acrylic acid of differing purity showed that 
even at impurity concentrations below the eutectic composition a dynamic 
crystallization will only produce poorly adherent crystal layers. It is therefo- 
re proposed that the dynamic crystallization residual melt be further worked 
up in a static crystallization, as described in EP 0 616 998. Because of the 
very slow layer formation, static crystallization will produce good layer 
adhesion coupled with a good purifying effect. The static stages art integra- 
ted into the overall process in accordance with the above-described counter- 
current flow principle; that is, the static crystallization product of highest 
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purity is fed to the stage where the dynamic crystallization product of 
lowest purity is produced, and the dynamic crystallization residual melt of 
lowest purity is fed to the stage where the purest crystals are produced by 
static crystallization. 

Advantageously, the dynamic crystallization is carried out in a fully 
filled apparatus or by means of a falling or trickle film. These two methods 
arc particularly quick and efficient. The number of crystallization stages 
required depends on the degree of purity desired and is readily determin- 
able. Advantageously, a seed layer is frozen prior to the start of the 
crystallization. 

SttP fe); 

If desired, the pure acrylic acid obtained in step (d) is esterificd 
according to known methods. 

The process and an apparatus are described with reference to the 
drawing, which illustrates a preferred embodiment of the invention. 

In the drawing 

Fig. 1 shows a block diagram of the process according to the present 
invention* 

Fig. 2 shows the interconnection of the apparatus according to the present 
invention. 

Referring to Fig. I, the recycle gas, which consists essentially of 
nitrogen, carbon oxides and unconverted starting materials, is compressed 
and fed together with propene and air into a reactor where the heterogene- 
ously catalyzed oxidation of propene to acrolein takes place. The resulting 
intermediate reaction gas is supplied with further air in order mat the 
heterogeneously catalyzed oxidation of acrolein may be carried out in the 
second reactor. 

The resulting hot gaseous reaction product comprising acrylic acid 
is cooled down ahead of the absorption step by partial evaporation of the 



(23) #PS¥9-2 2 7 44 5 

solvent in a direct condenser K9. the high boiling cocoraponents of the 
reaction product condensing into the unvaporized solvent. A bleed stream 
from the direct condenser K9 is subjected to a solvent distillation in which 
the solvent is distilled over and the high boiling cocomponents remain 
behind. The latter can be further thickened and disposed of, for example by 
incineration. 

Column K10 is subjected to a downflow of (unvaporized) solvent, 
while the vaporized solvent and the gaseous reaction product are introduced 
into column K10 at the base thereof and then cooled down to absorption 
temperature. The cooling is effected by cooling cycles (not shown). Not 
only the vaporized solvent but also the acrylic acid and all high and medi- 
um boiling cocomponents condense into these cooling cycles. After the 
entire reaction gas stream has cooled down to the absorption temperature, 
the actual absorption takes place. The rest of the acrylic acid r emainin g in 
the reaction gas and also part of the low boiling cocomponents are ab- 
sorbed. Then the unabsorbed, remaining reaction gas is further cooled down 
in order that the condensable part of the low boiling cocomponents may be 
separated from the gas stream, shown in Fig. 1 as acid water quench. In 
what follows, therefore, this condensate will be referred to as acid water. 
The reniaining gas stream, the recycle gas, can then be returned in part to 
the reaction steps of Fig. 1 as diluting gas. 

The solvent loaded with acrylic acid and cocomponents is with- 
drawn from the base of column K10 and fed to the desorption column K20. 
There the loaded solvent is stripped by a part of the recycle gas taken 
from the oxidation stages of the largest part of the low boilers. Since major 
quantities of acrylic acid are stripped off as well, this stream is recircula- 
ted, for example back into the direct condenser K9. 

To enhance the desorption performance of column K20, the low 
boilers present in the stripping gas are removed before introduction into 
column K20. Technically this is advantageously done by cleaning up the 
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stripping gas in a countercurrcnt wash column KI9 using recovered solvent 
from the below-described column K30. 

In the next process step a solvent stream loaded with acrylic acid 
and virtually free of low boilers is withdrawn from the base of the desorp- 
tion column K20 and fed into the distillation column K30, which is prefera- 
bly a sieve plate column. The high boiling solvent and the medium boiling 
cocomponents, for example maleic anhydride, condense into the base of 
column K30. Since ihe acrylic acid withdrawn at the top of column K30 
still comprises significant amounts of low boiling cocomponents, this low 
boiler content is advantageously reduced by further lengthening the rectifying 
section of column K30 and withdrawing the acrylic acid from the column 
as a sidestream. This acrylic acid is known as crude acrylic acid. 

The light-rich stream withdrawn at the top of distillation column 
K30 still contains acrylic acid and is therefore advantageously recycled back 
into the absorption column K10. 

The solvent withdrawn from the base of distillation column K30, 
which is tree of low boilers and almost free of acrylic acid, is mostly fed 
into the countercurrcnt wash column K19 in order, as mentioned above, that 
the low boilers may be washed out of the stripping gas stream which leads 
into desorption column K20. The almost acrylic-acid-free solvent is then fed 
to absorption column K10. A small bleed stream of the almost acryiic-acid- 
free solvent from the base of distillation column K30 is used for subjecting 
the acid water, which still contains acrylic acid in solution, to an extractive 
treatment. In this acid water extraction, part of the acrylic acid is recovered 
from the acid water and, in the other direction, the acid water extracts all 
polar components from the solvent bleed stream. The resulting acid water 
can be prevaporized and then incinerated. 

The crude acrylic acid obtained from the sidestream of distillation 
column K30 is then subjected to a dynamic crystallization and a static 
crystallization. Depending on the desired acrylic acid purity requirements, it 
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can also be sufficient to carry out a dynamic crystallization only. The 
dynamic crystallization is carried out either with a fully filled tube or by 
means of a falling film. The number of crystallization stages varies as a 
function of the desired acrylic acid purity. Preferably, the dynamic crystalli- 
zer is constructed as a heat exchanger. If desired, the resulting pure acrylic 
acid can then be esterified with alcohols to form the desired acrylates. 

The process of this invention thus offers die following advantages: 

lower yield losses through the combined use of dynamic and static 

crystallization; 

better acid or ester quality, since the propionic acid can be separated 
off by crystallization. Propionic acid would be esterified to malodorous 
propanates in the acrylic ester production stage and would therefore be 
unwelcome in the end products in any event; 

no need for the addition of a chemical reagent to remove aldehydes; 
no need for acetate distillation on further processing the acid to esters; 
lower alcohol consumption at the esterificatkm stage. 

The examples which follow illustrate preferred embodiments of the 

invention. 

A Mimplant produced 426 g of acrylic acid per hour. The inter- 
connection of the apparatus, the flow rates and the operating parameters 
employed can be seen in Fig. 2. This figure illustrates the separating steps 
of Fig. 1 in the form of apparatus bearing the same designations. The 
oxidation of propene with air via acrolein was effected in two successive 
reaction tubes 26 mm in diameter wife a catalyst bed length of 2.5 m. The 
first tube was packed with a surface-impregnated catalyst as described in EP 
575 897, and the second reaction tube contained a surfece-impregnated 
catalyst as described in EP 609 750. Columns K10, K20 and K30 were 
mirror-finished or thermostatted laboratory columns 50 mm in diameter. The 
direct condenser K9 was a venturi washer. Columns K10 and K20 were 
packed with 5 mm metal coils. Distillation column K30 was packed with 
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sieve plates {dual flow plates) made of metal. The perforations in Che sieve 
plates were such that layers of froth could form. 

Dynamic crystallization 

The dynamic crystallization was carried out in a crystaliizer as 
described in DE-A 26 06 364 (BASF) using a fully filled tube. The crystal- 
lizer data were as follows: 

two-pass with one tube (internal diameter 26 mm) per pass, 

tube length 5 m, 

- primary-circuit pump as centrifugal pump with speed control, 

- plant volume about 11 I on die primary side, 

- freezeout rate about 45* (freezeout rate - mass of crystallized pro- 
duct/mass of crude melt), 

4 stage vessels each 100 1 in volume, 

- plant temperature control by refrigerating unit and 4 bar steam via heat 
exchanger. 

The plant was controlled via a process control system, and the 
program sequence for one stage was as follows: 

1. Filling of primary circuit. 

2. Emptying of primary circuit and freezing out a seed layer. 

3. Raise temperature to about 2*C below melting point. 

4. Fill primary circuit until crystallization occurs. 

5. Crystallize (temperature program). 

6. Pump down residual melt when crystallization has ended. 

7. Raise temperature to melt the crystal layer. 

8. Pump down molten crystallized product. 

9. Start of a new stage. 

The temperatures, pressures, volume flows depend on the stage to 

be operated. 
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Static layer crystallization 

The plant used for this purpose was a tube crystallizer made of 
glass with an internal diameter of 80 mm and a length of 1 m. The 
temperature of the crystallizer was controlled via a jacket made of glass. 
The fill level of the crystallizer ranged from 2.0 to 5.0 1 (variable). The 
temperature of the plant was controlled via a programmed thermostat. Hie 
freezeout rate (after the sweating) was about 50%. The program sequence 
for one stage was as follows: 

1. Filling the crystallizer. 

2. Adjusting the temperature of the apparatus with contents to about 1 K 
above melting temperature. 

3. Crystallize (temperature program). 

4. Discharge residual melt after crystallization has ended. 

5. Sweating (temperature program). 

6. Melt off crystallized product. 

7. Start of a new stage. 

The tranperatores depend on the stage to be operated. 



426 g/h of crude acrylic acid were withdrawn from the sidestream 
of the distillation column K30 in a quality as reported below in table 1. 



fi rample 2 

The crude acrylic acid mentioned in Example 1 was purified in 
one of the above-described dynamic crystallization stages. A pure acrylic 
acid was obtained in a purity of 99.95% by weight with a propionic acid 
content of 51 weight ppm and an acetic acid content of 345 weight % 
ppm. The crystallization residue of this purification stage was further wor- 
ked up in three dynamic and two static crystallization stages. The purity 
of the pure acrylic acid obtained in this way is shown in the table below. 
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Table 



Type of 
acrylic add 


Acrylic add in 
% by weight 


Propionic add 
in ppm 


Acetic add 
in ppm 


Crude acrylic acid 


99.7 


203 


2000 


Pure acrylic acid 


99.95 


51 


345 



As can be seen from the table, the combined use of dynamic and 
static crystallization leads to a very pure acrylic acid. More particularly, the 
propionic acid content (which would lead to malodorous propionates in 
acrylic ester production) was reduced to a quarter of its original value, 
which would not have been possible by distillation, even at prohibitive cost. 



4. Brief Explanation of the Drawings 

Fig. 1 shows a block diagram of the process according to the present 
invention. 

Fig. 2 shows the interconnection of the apparatus according to the present 
invention. 
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Abstract 

A process for preparing acrylic acid and/or esters comprises the 

steps of: 

(a) catalytic gas phase oxidation of propene and/or acrolein to acrylic acid 
to obtain a gaseous reaction product comprising acrylic acid, 

(b) solvent absorption of Ac reaction product, 

(c) distillation of the solvent loaded with acrylic acid to obtain a crude 
acrylic acid and the solvent, 

(d) purification of the crude acrylic acid by crystallization and 

(e) optionally esterification of the crystalline acrylic acid. 



